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Fig. 1 K\‘armhn vortex street behlnd the Fig.2 Karm\‘an vortex street behind the
pile in water by the courtesy of CheJudo by the courtesy of Prof. T.
Tech. Offl. K. Ishii and Prof. T. Kikuchi of Kochi University.
Karasudani of the $Res\dot$earch Institute
for Applied Mechanics, Kyushu Unlversity.
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2. LES
, ,
(LES) $[6,7]$ . LES
, $-$ ,
$-$
$\frac{\partial u_{l}}{\partial t}+\frac{\partial u_{l}u_{l}}{\partial x_{l}}=-\frac{1}{p}\frac{\partial p}{\partial x_{l}}+\nu_{0}\nabla^{2}u_{l}+t_{l}$ (1)
$u_{l}$
$\tilde{u}$ 1
, $\rho$ , $\nu_{0}$ $\rho$ $P$






, (1) , (1) 1
1 , (1)
$\frac{\partial U_{l}}{\partial t}+\frac{\partial U_{l}U_{l}}{\partial x_{\ell}}=-\frac{1}{p}\frac{\partial P}{\partial x_{j}}+\nu_{0}\nabla^{2}U_{l}-\frac{\partial Q_{l/}}{\partial z_{j}}$ (2)
, $U_{l’}P,$ $Q_{lj}$ ,
$U_{l}= \int Tr’G(\vec{r}-r’)u_{l}(\overline{r}’.t)$ , (3)
$P= \int\Phi’G(\overline{r}-\overline{r}’)p(\overline{r}’, t)$ . $arrow$ . (4)






$\frac{\partial U_{l}}{\partial t}+\frac{\partial U_{l}U}{\partial z,}=-\frac{1}{\rho}\frac{\partial P}{\partial z_{l}}+N^{1}U_{l}$ (7)
41
, $V$ $[7,8]$ $\nu$
, , E. Helfand
$[9]_{\text{ }}$ Helfand , (7)
,
$\partial U$ $\partial^{2}U$
$\frac{y}{\partial t}=V\frac{y}{\partial x^{2}}$ (8)







$G_{t}= \frac{1}{\sqrt{l\lambda T}}\sum_{k1}^{N}x_{l}(t)p_{\phi}(t)$ (11)
(9) , 1 ,
$v= \frac{V}{AT}\zeta dtC(t)$ , (12)
$C(t)=<]_{O},(t)j_{\eta},(0)>-<J_{\eta}(t)><J_{\ovalbox{\tt\small REJECT}}(O)>$ , (13)
$]_{r,.\gamma}(t)= \int_{V}ff\rho(\vec{r},t)u_{x}(\vec{r},t)u_{y}(\tilde{r},t)$ (14)
, $<\cdots>$
, $V$ , , $T$
, $\rho(\overline{r}, t)$ $\overline{t}$ , $t$ (12)
, [10-121.
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3.
2 (12) ,
$2\pi x2\pi x2\pi$ 3
, $\vec{K}$
42
$\vec{K}=(O.K_{y}(z, t),O)$ , (15)
$<K_{y}(z,t)K_{y}(z,t’)>=\delta(t-t’)$ (16)
, $\vec{K}$ $\sigma$ $\sigma\# 10^{-\epsilon}x\sin(4$
100x 100xl00 ,
, ,




$c_{vrir,}(t)=< \int(t)J(0)>-<\int ff(t)><J_{\eta^{r}}(0)>$ (20)
$C_{y\iota}(t)=<J_{yz}(t)]_{\mu}(0)>-<]_{yz}(t)\cross J_{yz}(0)>$ , (21)
$C_{\alpha}(t)=<J_{r}(t)J_{r}(0)>-< \int_{z}(t)><J_{r}(0)>$ (22)
$]_{D^{r}}(t)= \int Tr\rho(\tilde{r},t)u_{i}(\tilde{r},t)u_{y}(\vec{r},t)$ , (23)
$j_{yz}(t)= \int d\overline{r}\rho(\overline{r}.t)u_{y}(\overline{r}.t)u_{i}(\overline{r}.t)$ . (24)
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. , , $I_{v}$ $J_{yz}$
$J_{r}$ Fig.4 , 2
$C_{\eta}(t),$ $C_{\mu}(t),$ $C_{r}(t)$ . 200 Fig3
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, 2 ,

















$t({\rm Re}=t9.0916j\tau-l.90)$ $t$ (Ro$=8.6051;\tau=180$)
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